Abstract A new well test model is developed for the hydraulic fractured well in coalbed by considering the following aspects: methane desorption phenomena, finite conductivity vertical fractures, and asymmetry of the fracture about the well. A new parameter is introduced to describe the storage of the fracture, which is named as a combined fracture storage. Another new concept called the fracture asymmetry coefficient is used to define the asymmetry of the fracture about the well. Finite element method (FEM) is used to solve the new mathematical model. The well test type curves and pressure fields are obtained and analyzed. The effects of the combined fracture storage, desorption factor, fracture conductivity, and fracture asymmetry coefficient on the well test type curves are discussed in detail. In order to verify the new model, a set of field well test data is analyzed.
Introduction
Coalbed methane (CBM) is one of the most important gas resources developed recently in China. The permeability of coalbed in China is generally very low. The productivity of low permeability coalbed is poor, which makes the production rate of water and gas to be very slow. In order to improve the productivity of wells in coalbed, the hydraulic fracturing technology is used in most of the CBM wells in China. A fracture through the wellbore is formed after the hydraulic fractures. The fracture can reduce the flow resistance near the wellbore. Assessing the characters of the fracture and the coalbed from well test data is an especial key step for a reasonable producing process.
A great number of studies have been published in the literature on hydraulic fractured wells. However, most of the published well testing models are analytical models, and only a few Yue-wu LIU, Wei-ping OU-YANG, Pei-hua ZHAO, Qian LU, and Hui-jun FANG numerical models have been presented. The analytical models are based on many assumptions. There are many methods to develop fracture well test models. Gringarten et al.
[1] developed a well test model for the vertical fractured well in a normal reservoir by using the source and Green's functions. They assumed that the fracture was a uniform flux fracture or an infinite conductivity fracture. Cinco-Ley and Meng [2] and Cinco-Ley and Samaniego [3] introduced a more general well test model for the fractured well with a finite conductivity vertical fracture. Lee and Brockenbrough [4] developed a fractured well model by assuming the trilinear flow near a finite conductivity fracture. Riley et al.
[5] presented exact analytic solutions for an elliptical finite conductivity fracture. Liu and Yang [6] and Liu and Liu [7] developed an elliptical flow model for a finite conductivity fractured well. Anbarci and Ertekin [8] developed a uniform-flux vertical fracture model in consideration of the unsteady-state sorption phenomena in coalbed. He and Hang [9] found a model to assess a new finite conductivity fractured well by considering the deformation of media in coalbed. Liu et al.
[10] developed a numerical model for the multiwell in coalbed. The above results of CBM wells are all derived from the pseudo-steady state desorption model [11] or unsteady state desorption model [12] by using the Langmuir adsorption theory [13] . In 2010, Ouyang and Liu [14] developed a new model for a fractured well in coalbed with an infinite conductivity fracture by considering the steady state desorption. The advantage of the numerical approach is that it is based on fewer assumptions than analytic solutions, and hence has greater generality. In this paper, based on the above published works, a new numerical well test model for a fractured well with a finite conductivity vertical fracture is presented.
The main aspects considered in the model are as follows: (i) The desorption phenomenon [15] is one of the key features between normal gas and coalbed methane in the producing process, and the effects of the steady and unsteady terms of desorption are dealt within the model.
(ii) The hydraulic fracture is vertical.
(iii) More stuffs make lower conductivity fractures as finite vertical fractures.
(iv) The asymmetry of the fracture is around the axis of the well. Since the governing equation and the inner boundary condition in the coalbed are very complex, finite element method (FEM) is used to solve the new mathematical model. The effects of the desorption factor, size, and permeability of the damage region, fracture length, asymmetry coefficient on the type curve are all discussed in detail in this paper. In order to verify the new model, a set of field well test data is analyzed.
Physical and mathematical models 2.1 Physical model
a) The media is homogenous in the coalbed.
b) The fluid in the coalbed is compressible and Newtonian with constant viscosity. c) The fluid flow in the coalbed is laminar, and obeys the Darcy theorem. The model considers the wellbore boundary and the flux of wellbore boundary.
d) The manufactured fracture is vertical with certain permeability and width. The value of permeability in the fracture is greatly larger than that of the coalbed. There is a pressure difference in the fracture. The wellbore is not uniform, but the pressure at each point of the wellbore is assumed to be equal.
e) The desorption values of the CBM are linear with pressure, and are independent of time during the test processing.
f) The saturation of water within the coalbed is very low, or the distribution of saturation of water is stable and almost irreducible. Only coal gas is considered in the coalbed. Water affects the permeability of gas there.
g) The changes of gravity and temperature are neglected, and other physical and chemical effects are also ignored.
